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INTRODUCTION AND LITERATURE REVIEW 
Elemental nitrogen, Nz, makes up 78 percent of the atmosphere, and 
nitrogen compounds are constituents of all living things ( 2 3) . 
Nitrogen is removed from the soil by leaching, denitrification and 
through cropping. Intensive agriculture increases the drain on the 
limited supply of this critical element. In recent years, the fer­
tilizer industry has greatly_expanded, but only a portion of the agri­
cultural need for nitrogen comes from the chemical fertilizers (1) . 
The great demand for these fertilizers is indicated by the more than 580 
chemical plants which are now in operation or under construction through­
out the world, representing a cost of more than $10 billion (35). The 
basic commercial process for �anuf acturing ammonia, which consists of 
catalytically reacting hydrogen with nitrogen under high pressure and 
'temperature to form annnonia,is the Haber process. The process has not 
changed since it was developed in 1913. The high cost of petroleum as a 
source of hydrogen and the many ecological and economic limitations to 
using chemical fertilizers have stimulated much interest in nitrogen 
fixation by microorganisms ( 2 3 ,  35). Nitrogen fixation is the process 
by which molecular nitrogen is converted to cellular nitrogen by certain 
microorganisms ( 31) . An estimate of fixed nitrogen by nitrogen fixing 
organisms can only be approximated, but a figure of 100 million tons per 
year has been suggested (34). Precipitation also adds approxi�ately 5 
to 7 lb of nitrogen (as HN03 and HNOz) per acre per year through the 
action of electrical discharges (6 , 14 , 35). 
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The only organisms known to fix nitrogen· are certain bacteria pos­
sessing nitrogen fixation genes. Nitrogenase genes code for nitrogenase 
proteins that catalyze biological nitrogen fixation. One of the new 
areas of study in molecular biology is aimed at eventual "infection" of 
nonleguminous plants, such as the cereals, with nitrogenase genes (23). 
Nitrogenase has been found in prokaryotic cells including members of the 
bacterial genus Rhizobium in root nodules of legumes. The genetic 
information for nitrogenase appears to be contained in the rhizobial 
component and not in the legume. Nitrogenase is oxygen sensitive and 
if transferred to a plant or microbe the
.
receiving organism must be able 
to protect it from oxygen (19 , 2 0 ) . 
The question whether a single or several species of bacteria are 
concerned in the symbiosis with leguminous plants has been a subject of 
controversy since Beijerinck isolated the organisms Phytomyxa legu­
minosarium and Phytomyxa lupini in 18 88 (2 9 , 4 6 ) . Early workers assumed 
a single species was involved. However, it soon became apparent that 
this concept was too narrow and the idea of cross inoculation groups 
developed. The basic concept of cross inoculation g rouping is to divide 
the family Leguminosae into small groups of closely related genera each 
of which requires a particular species of Rhizobium for it� symbiont. 
Unfortunately, there are exceptions to the cross inoculation concept and 
attempts were made to explain why plants symbiose with one strain and 
not with another ( 3 ,  4 2 ,  4 6 ) . 
According to Steward (37) the suggestion that plants may fix ni­
trogen was made by Humphry Davy in 183 6 . The evidence supporting this 
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hypothesis was obtained by Boussingault in 1838 and Atwater in 1885. 
They were unable to explain their findings until the German workers 
Hellriegel and Wilf arth in 1886-1888 reported the finding of root 
nodules inhabited by a bacterium. In 1893 Winosgradsky showed that 
Clostridium pasteurianum fixed nitrogen. This was the first demon­
stration of nitrogen fixation by a free living organis� (37). These 
discoveries indicated that there were two main groups of organisms, the 
symbiotic forms and the free living forms. The symbiotic forms are 
unable to fix nitrogen unless within the nodules of the host plan·t. 
The free living forms can fix nitrogen without entering into symbiosis 
with any other organism. However, the apparent dependence of the 
r·hizobium on the plant for nitrogen £ixation is now being questioned. 
Rhizobia have recent ly been found to fix nitrogen without symbiosis with 
the plant (24, 28). Many studies were done on the root nodule bacteria 
to establish their cross-inoculation position, and to show their rela­
tionship to other members of the inoculation group to which they may be 
found to belong (8, 9, 10, 32, 43, 44, 45). 
The root nodule bacteria have been grouped on characteristic legume 
root nodulation and subgrouped on the range and type of host plants 
infected. Bergey's Manual (1957) lists six of the subgroups: Rhizobium 
leguminosarium Frank, R. trifolii Dangeard, R .  phaseoli Dangeard, R. 
melilotii Dangeard , R. japonicum Kirchner and B:· lupini Schroeter (4). 
However, this classification has not held up to the cross inoculation 
. testings (13, 29). 
Chen and Shu (9), on the basis of a fairly extensive cross 
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inoculation study of the wild leguminous plants in Wisconsin, found from 
their results that the establishment of cross inoculation group for 
Astragalus spp . may be needed . They said that perhaps the Astragulas 
spp. and i ts root nodule bacteria may be considered as a select cross 
inoculation group . They found that the root nodule bacteria of Astra­
gulas sinicus L do not produce nodules on other genera of leguminous 
pl_ants nor do bacteria isolated from other sources except those f ram the 
plant genus Desmodi um form nodules on Astragalus sinicus . Bushnell and 
Sarles (8) also concluded that the Astragalus spp . comprise their. own 
select inoculation group. In their results they observed that isolates 
from the four Astragulas species which were: A .  alpinus L, A. canaden-
· 
sisi L, A .  caryocarpus Ker. , !::_ . neglectus. Sheldon did not induce 
nodules on species of other legumes nor did species of Rhizobi um from 
other legumes cause nodulation on the Astragalus. 
The main rejection of this theory of the select cross inoculation 
group came from J. K. Wilson ( 43) .  In his paper he suggests that it 
appeared to be impossible to assign a plant to one inoculation group or 
to have an organism for one group . He justified his statement by citing 
over five hundred recorded cases in which plants can be assigned to more 
than one group . The Astragalus spp . were not included in this paper . 
But, in a following paper by Wilson and Chin ( 44 ) , they report the con­
cept that the Astragalus spp. do not comprise one select cross inocula­
tion group . In this work they show variations in the i solates and place 
emphasis on the particular strain of bacterium rather than on a group of 
plants that might bear nodules after exposure to isolates . They also 
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point out that plants grown from the seed of one plant in a species may 
symbiose with a certain strain of the organism whereas plants grown from 
seed of another plant of the same species may not symbiose with the same 
bacterial strain. A classification of the genus Rhizobium based on 
cross inoculation groups is not a satisfactory system, nor is any system, 
but it is unwise to condemn any taxonomic treatment of Rhizobium. This 
is because only 8 to 9% of the 14 , 000 or so known species of leguminous 
plants have been examined for nodules and only 0.3 to 0. 4% have been 
studied as to their symbiotic relationship and nitrogen fixation with 
the host plant. 
Presently because of the scarcity and high cost of fertilizer 
nitrogen there is a need to study nitrogen fixation by the native le­
gumes. In South Dakota some of the main genera of native legumes are: 
Vicia, Astragulas, Petalostemon, Psoralea, and Oxytropis. These are 
found throughout the state (36, 38). According to the Soil Conservation 
Service studies, some of the native legumes have shown promise as forage 
because of their high protein content and feed value (40). Some species 
are also useful as wildlife food and cover, in addition to their value 
in nitrogen fixation (4 1) . The native legumes that have shown promise and 
are located throughout South Dakota are as follows: Astragalus crassicar­
pus Nutt., !!:._. flexuosus Dougl., �· racemosus L. , A. striatus Nutt., and 
Petalostemon purpureum Rydb. along with many other genera (16 , 34 , 4 0 ) . 
The methods used to detect nitrogen fixation by plants and-bacteria 
have varied greatly. There are several satisfactory methods which can 
be used. Kjeldahl analysis which was introduced in 188 3 is commonly 
used (37). This involved converting total plant nitrogen to ammonia 
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by acid digestion and determining the nitrogen titrimetrically or 
colorimetrically . A significant gain in nitrogen by inoculated plants 
over an uninoculated control series run at the same time can be accepted 
as evidence that nitrogen fixation has occurred . Other methods are also 
employed such as using isotopes of nitrogen lSN and 13N and the micro­
diffusion technique (37) . 
By the use of the lSN technique, it has been firmly established 
that excised soybean nodules fix atmospheric nitrogen for a period of 
about 2 hours after excision. Fixation is greatly reduced in sliced 
nodules and virtually lost in crushed nodules (15, 25, 38). 
It was discovered that the nitrogenase enzyme complex catalyz.es 
the reduction of acetylene to ethylene . Dilworth (12) gave evidence 
indicating that the nitrogen fixing system is non-specific for electron 
donation and catalyzes the reduction of several compounds such as NzO to 
NH3 and CN to CH4 and NH3. This ability has been observed by many 
workers (22, 26, 39) . 
·The first published . application of this assay to symbiotic fixation 
was by Koch and Evans (25). The acetylene reduction assay is now well 
established in the study of biological nitrogen fixation. Its use has 
been reported in over 200 publications (18). 
Until LaRue and Kurz (27) reported a colorimetric assay for eth­
ylene which is sufficiently sensitive to estimate nitrogenase in nodulated 
legume roots, the primary method used was gas chro�atography to measure 
the presence of ethylene. This is an expensive operation . The purpose 
of the colorimetric method is to have a simple, economic, reliable 
method to estimate nitrogenase. 
The ability to nodulate a plant by a specific strain of Rhizobium 
is still an unknown area of nitrogen fixation. Recently it had been 
suggested that interactions between legume lectins and rhizobium cells 
occur (11). But lectin combined with various nodulating and non­
nodulating strains of Rhizobium regardless of their hosts species. 
Thus interactions between legume lectins and Rhizobium cells may not 
always account for host specificity expressed by the nodule bacterium 
(11). 
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The ability to cause effective nodulation may vary between strains. 
Typical large gununy colonies, rather than the small dry colonies of 
rhizobia, may not be the most effective as they were thought to be (21). 
This thesis is concerned with a study of the root nodule bacteria 
associated with native legumes . In the study cultural characteristics 
were observed along with physiological properties of the native bac­
terial isolates. These were compared with known rhizobium cultures. 
Cross inoculation studies were done to see if the rhizobia were specific 
or had a wide host range. Nitrogen fixation was determined by the 
Kjeldahl and acetylene reduction methods to determine the amount of 
nitrogen fixed by the symbiosis of bacterial isolates with the host 
plant and other legume species . 
MATERIALS AND METHODS 
Isolation of Rhizobi um �· 
8 
Native legumes were dug from the soil at different locations 
throughout South Dakota . Isolation of Rhizobium strains from the 
nodules of these native legumes was attempted . The plant was excavated 
and the roots were examined for nodules . If a plant had nodules, it was 
placed into a small plastic bag with soil to prevent dehydration of the 
nodules and transported to the laboratory within one hour. 
In the laboratory the plant roots were washed with water to remove 
as much soil as possible . The nodules were then removed from the plant 
root system using sterile forceps dipped in 70% ethanol and flamed. Ex­
cised nodules were then surface sterilized by rinsing as follows (33): 
1. One minute in 70% ethanol 
2. One minute in 10% Hilex bleach 
3 .  One minute in sterile water 
4 .  One minute in sterile water 
5 .  One minute in sterile water 
Standard pyrex 15 x 100 mm sterile Petri culture dishes were used for 
the five rinse steps . The Petri dishes contained about 20 ml of each 
type of rinse . 
The 70% ethanol is a bactericidal agent and also reduced the sur­
f ace tension on the nodule which allowed the 10% bleach solution to 
penetrate the surface better . · The three water rinses eliminated carry-
over of the bactericidal agents . 
After surf ace sterilization each nodule was crushed on the medi
um 
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in a petri plate and streaked with a wire loop to spread .the inoculum 
and to get isolated colonies. The growth medium was medium 79 of Fred 
and Waksman ( 7 ): 
Mannitol 10 . 0  gm 
KzHP04 0.5 gm 
MgS04� 7H20 0 . 2  gm 
NaCl 0. 1 gm 
CaC03 0.5 gm 
Yeast extract (Difco) 0.5 gm 
Bae to agar 15.0 gm 
Deionized water 1000 ml 
Other modifications of this medium were also made . The addition of 1 ml 
of 1% Congo red per liter as an indicator of contamination was used 
because rhizobium colonies do not concentrate the dye readily� The 
medium was sterilized at 121 C for 15 minutes and the pH adjusted to 
6 . 8- 7. 0  with KOH. The antibiotic penicillin-G, stock no. PEN-NA Lot 
19B-1450 (1670 units/mg) SIGMA Chemical Company, was used to inhibit 
most gram positive bacteria . Penicillin was placed in the medium after 
autoclaving . The amount of penicillin-G used was 25 mg per 1000 ml of 
medium . Cycloheximide (Acti-dione) Upjohn Company Lot No . 9043 was also 
incorporated into the medium after autoclaving. A concentration of 
200 mg of this antibiotic was used per 1000 ml of medium (1 7). Cyclo-
heximide inhibits protein synthesis in the 80s ribosomes of eukaryotes 
but does not inhibit the 70s ribosomes of prokaryotes (2 8) . Cyclo-
heximide was therefore used to inhibit fungi present in the soil which 
may contaminate the medium . 
The incubation temperature ranged from 25 C to 30 C. The plates 
were placed in the dark, inverted and labeled . If no colonies resembling 
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Rhizobium spp. were observed in seven days, the plates were discarded. 
If dye free colonies resembling those of rhizobium were observed, they 
were picked with a wire loop and the cells were gram stained . All gram 
negative isolates were placed on the maintenance medium containing 1 ml 
of 1% Congo red per 1000 ml without penicillin-G or Cycloheximide. 
Physiological tests 
The gram negative isolates from the root nodules were inoculated 
into litmus milk and eight fermentation broth tubes containing the 
sugars xylose, galactose, rhamnose, glucose, maltose, sucrose, lactose 
and mannose. The sugar tubes contained durham tubes for indication of 
gas production . Phenol red was used in the preparation of carbohydrates 
as an indicator of pH. Simmons citrate agar slants were used to see if 
the organism used citrate as the only source of carbon . The inoculation 
was done by using a slant culture suspended in 10 ml of sterile tap 
H2o. One-tenth ml of inoculum was added to each type of medium. The 
citrate slant was also stabbed with a straight inoculation wire .. 
The different carbohydrates were tested to show fermentation pat­
terns of the bacterial i$olates as compared to the rhizobia from cul� 
tivated legumes. 
Greenhouse experimentation 
The only proof that the isolates from the roots of the native 
legumes are symbiotic nitrogen fixing bacteria is their ability to cause 
nodulation on the host plants from which they have been taken. 'To 
accomplish this greenhouse testing was used. 
Native legume seed was collected throughout. the study period dur
ing 
the late summer and early fall.. The seeds were scarified by rubbing 
them between two sheets of medium sandpaper and the seed coats were 
pierced with a fine hypodermic needle. The reason for this procedure 
was to accomplish a higher percentage of germination. The supply of 
some of the seed was limited. The domesticated legume seed was not 
11 
scarified. All seeds were surface sterilized with 70% ethanol for five 
minutes and planted . 
Two different sizes of glazed crocks were used. One-half gallon 
crocks were used for the faster and larger growing legumes and qu�rt 
crocks were used for the slow growing plants . The crocks were filled 
with 2-4 mm coarse sand which had been washed 3 times to remove most of 
the nitrogen containing inorganic and organic material . The crocks were 
then covered with either number 4 or number 6 brown paper bags and 
autoclaved at 121 C for 24 hours. The crocks were allowed to cool and 
the seeds were planted with forceps sterilized in 70% ethanol . 
The 2 quart and 1 quart crocks were initially watered with 250 ml 
and 125 ml respectively of Bond's Modified Crone ' s Solution added to 
them (2). It contains the following: 
KCl 31.7 gm 
ca3 (P04)2 18.0 gm 
CaS04 13.7 gm 
MgS04 5 . 5  gm 
Fe2(so4)3 2.7 gm 
C uS04 0 . 5  gm 
MnS04 0 . 6  gm 
H3B03 0.5 gm 
KzHP04 26.8 gm 
The salts were mixed and ground to a fine powder. The solution was made 
by using 1.0 gm of the salt mixture added to 1000 ml of deionized 
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water . The Bond's solution provided all of the minerals except nitro-
gen which are necessary for plant growth . Therefore, only the plants 
that nodulated and could fix nitrogen symbiotically would reach maturity 
(Figure 3 ). The plants were watered using deionized water throughout 
the period of growth . The initial experiment was designed to prove 
that the isolates were rhizobia . The plants were inoculated with 
isolates from each host plant back onto the same species of plant and 
-
observed for nodulation. If nodulation occurred it was recorded. The 
organisms were reisolated from the host plant . The isolates were .then 
used in physiological testing to see if their patterns differed from the 
_
physiological tests of the initial isolates . 
The inoculum for each of the four isolates which were used was 
prepared by growing the rhizobium isolates for 48 hours at 27 C on 
medium 79 agar and washing the growth from the slants with 10 ml of 
sterile water . The contents of 10 tubes containing 10 ml of washed 
bacteria were placed in a dilution bottle and all plants were inoculated 
with the same inoculum from one bottle . The plants were inoculated as 
soon as emergence was noted with one-tenth ml of inoculum which was 
placed at each plant base with a sterile 10 ml pipet. 
Experimental design .Q!_ greenhouse testing 
In order to have valid results, a random and repetitious experiment 
with proper controls was needed. Dr. W .  L .  T ucker, SDSU statistician, 
provided the information needed to set up a series of four repetitions 
of the experiment needed for collection of valid data. A random design 
was set up in the greenhouse on January 4, 1976 on a middle bench 
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desinfected with Osyl . The location of the bench was important to 
reduce most variations between the repetitions caused from environmental 
factors such as sun and heat . The crocks were randomly placed on the 
bench . The seeds were·randomly planted. Inoculating was also done 
randomly to reduce variation from environmental or physical factors . 
The experiment was run using 4 repetitions of a randomized design 
(Figure 1). 
A total of one hundred and ninety two crocks was used in this 
experiment . Forty eight crocks per repetition and four repetition.s were 
used . In each pot a total of five plants was needed . To obtain five 
plants per crock more than five seeds were planted. Once five plants 
were established the extra plants were removed to keep the experiment 
uniform . Grow Lights Champion F96112 WW HO warm white were used to 
lengthen the photo period to 15 to 16 hours to simulate actual growing 
conditions in the spring of the year . 
The plants were allowed to mature until March 3, 1976. The plants 
were then removed f rom the crocks by submerging the crock and plants in 
water and gently mixing the sand . The plant was carefully removed so 
no nodules were pulled from the roots . The plants were then examined 
for nodules . The plants were either recorded as nodulated (Figure 2) 
or not nodulated. The color and number of nodules of any present was 
recorded .  The plants were then placed in small plastic bags and taken 
to the laboratory . The plants were blotted dry with a paper tow�l and 
wet wei
.
ght was taken. Some of the plants with nodules were used to 
isolate rhizobia . The same procedure was followed as in the initial 
:i14001 
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Figure 1. View of experimental design used in 
greenhouse testing. 
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Figure 2. Nodulation of Phaseolus vulgaris by a culture isolated 
from Petalostemon purpureum. 
15 
16 
Figure 3. View showing the differences in growth of Trifolium pratense 
after three different treatments were used. 
isolation from the nodules . The isolates from the nodules were again 
tested on physiological media to see if there was any change in. their 
pattern from the previous tests. 
Acetylene reduction and micro-Kjeldahl 
17 
Because members of the genus Rhizobium can nodulate a host (infec-
tiveness) but may not have the ability to fix nitrogen (effectiveness) a 
procedure was needed to give an indication of nitrogen fixation . For 
.. 
this reason some nodules were tested for their ability to reduce acety-
lene . The colorrnetric assay of LaRue and Kurz (27 ) was used to measure 
this ability. The materials for the colormetric method were prepared 
using the following reagents: 
0 . 05 M NaI04 
0.005 M KMn04 
4 N H2S04 
4 M NaAs02 
16. 5 g/1 
0.79 g/l 
52 g/100 ml 
Oxidant solution was prepared as follows: 
80 ml of 0 . 05 M NaI04 
10 ml of 0 . 005 M 101n04 
Adjust pH to 7 . 5  with KOH and dilute to 100 ml. 
Nash reagent was prepared as follows: 
150 gm of CH3COONH4 
3 ml of CH3COOH 
2 ml of CH3COCHzCOCH3 (2 ,
4-pentanedione) 
Dilute with deionized HzO to 1 liter. 
The nodules were removed as soon as they were taken to the labora-
tory, usually within 30 minutes. The nodule weight was recorded �nd 
added to the plant wet weight to determine total plant wet weight. The 
b ttl · A small piece of blotter nodules were placed in 10 ml serum o es. 
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paper,wet with deionized water, was placed in the bottle to keep the 
nodules from drying out. The bottles were then sealed with rubber serum 
stoppers and 2 ml of air was removed with a syringe and needle, thus 
creating a negative pressure . The syringe was then used to place 2 ml 
of acetylene on the nodules� The bottles were then incubated for 1 hr 
at room temperature in the dark. After incubation, 2 ml of gas was 
removed with the syringe from each bottle and placed in a 10 ml serum 
bottle containing 1. 5 ml of mddant solution. The samples were then 
placed on a shaker at room temperature in the dark for 90 min. The -
samples were removed from .the shaker and the rubber stoppers were re-
moved. Next 0 . 2 5 ml of 4 M NaASOz and 0.25 ml of 4N HzS04 was added to 
the sample bottles and mixed to destroy excess oxidant solution. Fi-
nally 1 ml of Nash reagent was added to each and color was allowed to 
develop for 60 min. A Baush and Lomb Spectronic 20 was used to measure 
absorbance of 412 nm. Standards containing 0.01, 0.02, 0.03, 0.04, 0.05, 
0 . 06, ·0 . 07, 0.08, 0.09, 0.10, 0.15, 0 . 20 ml of ethylene were used. A 
root control was also used to determine the effect of roots on acetylene 
reduction . A standard containing 2 ml of acetylene was ·also used as 
was a reagent blank without acetylene. Some of the nodulated and con-
trol plants were tested using Kjeldahl analysis to determine total plant 
nitrogen .  This procedure was used to compare it with the acetylene 
reduction method . Kjeldahl analysis for determination of nitr
ogen was 
done using a semi micro-Kjeldahl method (2). The digestion mix was 
prepared as follows: 
500 ml 
75. 0 gm 
2 . 0  gm 
1.5 gm 
500 ml 
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The plant material to be digested was oven dried at 100° C for 24 hours. 
The plant material was ground to a fine powder in a Wiley mill . The dry 
weight was then taken and 0. 02 gm of material from each plant was di-
gested . It was found that 0 . 02 gm gave a readable range at 490 nm on 
the Baush and Lomb Spectronic 20 spectrophometer . The plant material 
was placed in a 100 ml pyrex digestion flask . Next 8 ml of the diges-
tion mix and 3 glass beads were added. The samples were placed on . 
heating elements and they were boiled until the mixture became clear. A 
blank with the reagents was also run with each set of samples and a 
standard of 20 µg N .  
The contents of the flasks were then rinsed into 100 ml volumetric 
flasks . Two ml of each diluted sample was placed in a clean spectropho-
tometer tube and 2 ml of Nessler's reagent added . The standard tube had 
1 ml containing 20 µg /ml of ammonia nitrogen, 1 ml of H20 and 2 ml of 
Nessler's reagent. The Nessler' s reagent was prepared as follows: 
Hglz 
KI 
Gum ghatti 
Deionized HzO 
4. 0 gm 
4.0 gm 
1. 75 gm 
1000 ml 
The gum ghatti was ground to a fine powder in a mortar and placed in 
750 ml boiling water and allowed to reflux until the gum ghatti was dis­
solved. It was let stand overnight and filtered and combined with the 
other reagents . 
added to the 2 ml of sample, 3 ml of After Nessler' s reagent was 
3N NaOH was also added and mixed and the time was n
oted . The 3N NaOH 
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converts the ammonium sulfate formed from the digestion step to ammonium 
hydroxide which will react with the Nessler' s reagent . After 15 minutes 
a reading at 490 nm was taken with the spectrophotometer and the absor­
bance recorded. A standard curve was run with 0 to 20 µg amounts of 
nitrogen as NH4Cl per tube . 
2 1 
RESULTS AND DISCUSSION 
Physiological and morphological traits 
The data for the physiological tests of our rhizobial' strains are 
shown in Table 1 .  The fermentation reactions were similar to those of 
known rhizobia which utilized carbohydrates without gas production (5). 
However, there were several isolates which utilized citrate, which is 
not typical of Rhizob-f.um (5)., _The litmus milk reactions were also 
typical of rhizobia. Many cultures gave an alkaline reaction with or 
without a serum zone. 
All of the cultures were fast growers and gave heavy growth within 
48-72 hours. Many of the cultures had a tendency to concentrate the 
Congo red dye in the colonies when growing on the solid medium con­
taining the dye . Some of the cultures did not give the typical mucoid 
type of colony as expected of rhizobia, but a watery type of co lony . 
The cells stained gram negatively and some cells contained distinct vac­
uoles. The cultures isolated from the native legumes grew best on 
medium 79 of Fred and Waksman (7) which contains only • 05 percent of 
yeast extract. Other media 79 such as yeast water-mannitol may contain 
more yeast extract which seemed to limit growth of  the isolates. Many 
more isolates from the native legumes should be studied before a true 
picture of these rhizobia can be characterized according to their physi­
ological and morphological traits. Perhaps this may aid in
 the problem 
concerning Rhizobium classification. 
� range of Rhizobium isolates 
The results of the host range testing are sh
own in Tables 2 and 3. 
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Table 1 .  Physiological characteris tics of bacterial isolates from 
native legume nodules. 
0 0 t-4 q 0 � Q ::s: C/) t-4 � s:: 1-4· t-1• Pl 1--l Pl c Pl 
1--l rt rt 1--l 1--l � c 1--l n n � rt l'i s a Pl n rt l'i rt � 
s:: Pl t:: (J) () � 0 0 0 0 0 
l'i rt (fJ (D rt 0 {/) CJ) CJ) (J) CJ) 
ro (D 0 CJ) (D (D (D (D (D 
s {/) ('!) 
� t-1· (D 
I-' 
� 
*GlylflMFY A A A A A A A A 
·-
*Ac#6TS p SA s+ . s+ s+ 
Ac#lMFP p z A A A A A A A A 
Ac#2MFP p z A A A + A A s+ s+ 
Acfl3MFLH p A A A A A A A A 
Ac#4MFLH p A A A A A A A A 
AcPl p + 
AcP2 z 
Aflf lMFDa p z A 
A A A A A A A 
*Af#lMFDb p z 
A s+ A A s+ A A s+ 
Af/12MFLH p z 
Aa#lMFP p z 
Aa#2 MFP z A 
Aa#3MFP SP z s+ 
Aa/f 4MFP p z 
Aalf 5MFP p z 
Aalf 6MFP p z SA SA SA SA 
SA SA s+ 
Aalf7MFP p z SA SA SA s
+ SA SA A A 
*PetlflMFP SP z 
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T ab le 1. ( cont . )  Phys iological charac t eris t ics of b ac t er ia l  iso-
la tes from native legume nodules . 
("':) ("':) t-1 Q Q � Q � 
CJ) t-1 ::s: 
i::: I-'· I-'· Pl I-' Pl i::: Pl PJ 
I-' rt rt I-' I-' PJ i::: I-' () (') � 
rt ti s 0 Pl § () rt 
ti rt � 
i::: PJ � CfJ () 0 0 0 0 0 
ti rt (/} ro rt 0 CJ) CJ) 
(/) CJ) CJ) 
('i) (D 0 CJ) (D (D 
(D (D (D 
El en (D 
� I-'• ro 
I-' 
� 
Petl/ 2 MFYB p z + s+ + + + + 
Pet#3MFP p z 
P et#4MFP p z + + s+ + + + + + 
Pet#SMFP S P  z s+ + + + + + + 
Petl!6MFYB p z + + + + + 
P et#7MFYB p z s+ + s+ + + + + + 
P et#8MFY z 
Petlf9MFP p z 
Pe t#lOMFYB p z 
Pet#llMFP z 
*VlflMFCW p z 
*Vlf2MFCW z 
Vlf 3MFCW p z 
Vlfl�MFP p z 
Vlf5MFLH p z A A A A A A A 
+ 
*Vlf 6MFCW p z 
s+ 
V/f 7MFLH. p z A A A + A A 
A + 
VIJ8MFP p z SA SA SA SA SA 
SA SA SA 
VIJ9MFCW p z s+ 
Table 1 .  (cont.) Physiological characteristics 
lates from native legume nodules. 
(") (") t-l � c;J � c I-'· I-'· � PJ 
1--1 rt rt 1--1 1--1 
� rt Ii s 0 PJ c PJ c en () 
l'i rt (/) (D rt 0 
ro (D 0 en 
El (/) (D 
� I-'· (\) 
1--1 
?1"' 
V#lOMFP p z 
·R. jap. ATCC 
10 3 2 4  
R. lup. ATCC z 
1 0 3 19 
R. mel. ATCC +z 
9930 
R. tri. ATCC z 
14480 
R. phas. ATCC z 
14482 
R. leg. ATCC SP z 
10004 
Af--Astragalus flexuosus Dougl. 
Gly--Glycyrhiza lepidota·(Nutt.) Pursh. 
Ac--Astragalus crassicarpus Nutt. 
Aa--Astragalus agrestis Dougl. 
Pet--P etalostemon purpureum (Vent.) Rydb. 
V--Vici a americana Muhl. 
R. jap.--Rhizobiurn japonicum 
R. lup.--Rhizobium lupini 
R. mel.--Rhizobium meliloti 
R. tri.--Rhizobium trifolii 
R. phas.--Rhizobium phaseoli 
R. leg.--Rhizobium leguminosarum 
A = alkaline 
+ acid 
S slight 
negative 
c;J 
1--1 
c 
() 
0 
(/) 
ro 
2 4  
of bacterial iso-
:s:: (/) t4 :s:: 
PJ c PJ PJ 
1--1 () () ::J 
rt l'i rt ::J 
0 0 0 0 
(/) en en (/) 
(D (\) (\) (\) 
SA 
Tab le 1. ( c ont . ) Physiological charac teris t ics of b a c t er ial i s o­
lates f rom nat ive legume nodules . 
Z s er um z one 
* = nodulated hos t p lant 
P pos itive react ion 
2 5  
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Rhizobia from four native legumes, Petalostemon purpurem, Colycyrhiza 
lepidota, Astragalus crassicarpus, Astragalus flexuosus have shown a 
wide host range. 
The rhizobium isolate from G. lepidota did not nodulate the plant 
species Glycine max. 
The rhizobium isolate from A. crassicarpus did not nodulate the 
plant species Trifoli� prat�:..n8-e or G. max. 
The rhizobium isolate from P .  purpurem did not nodulate the plant 
species �· crassica.rpus or Q_. �· 
The rhizobium strain from A. f lexuosus did not nodulate the plant 
species G. max. 
The four rhizobium isolates did not nodulate G. max . 
The experiment was statistically analysed using the contingency 
table for Chi-square. The values for Chi-square at the 0 . 0 1 level for 
Table 2 is 12.6 and the value at the 0 . 05 level is 16 . 8. The value of 
Chi-square for the four Rhizobium isolates inoculated on the seven plant 
species were as follows: 
86.5454 As tr agalus crassicarpus #6TS 
64. 7443 As tragalus flexuosus #lMFD(b) 
9 8.3333 Glycyhaiza lepidola #lMFY 
64.9958 Pelalestemon #lMFP 
The values show that the results of the experiment were hig
hly signif i-
cant . 
The values for Table 3 at the 0.0 1 level is 11. 3 and at the 0. 0
5 
level, the value is l. 8. The value of Chi-squar
e for the seven legume 
Tab le 2 .  Nodulation o f  s even p lant species by f our cultures of Rhizob ium i s o lates f r om native 
legume spe cies . 
Number of p lant spe cies nodulated by Rh izob ium 
isolat es p e r  twenty p lants inoculated . ( Cultures 
· Plan��_ci��--��-----�- _ named according t o  plan t  spe cies iso lated f r om . ) 
As t r agalus cras s icarpus 
As tragalus f lexuo s us 
As t r agalus c i cer 
As tragalus r acemosus 
Tr if o lium pr aten s e  
Glycine max 
Phaseolus vulgaris 
T ot al 
As tragalus As t r agalus G lycyrhi z a  P e talos t emon 
crass icarpus # 6TS f lexuosus # lMFD (b ) lepidot a  # lMFY purpureum # lMFP 
1 7 / 2 0  9 / 2 0  9 / 2 0 0 / 2 0  
6 / 2 0  15 / 2 0  16 / 2 0  1 6 / 2 0  
14 / 2 0  19 / 2 0  1 7 / 2 0 2 0 / 2 0  
18 / 2 0  7 / 2 0  5 / 2 0  1 8 / 2 0  
0 / 20 2 0 / 20 2 0 / 2 0 10 / 2 0  
0 / 20 0 / 2 0  0 / 2 0  0 / 2 0  
2 0 / 20 15 / 2 0  15 / 2 0  2 0 / 20 
7 5 / 140;'d; 85 / 14 0 *7' 8 2 / 14 Q M c  84 / 1 4 Q ic *  
"'*Highly s ignificant at 0 .  Q l  level .  
*S ignif icant a t  0 . 0 5 leve l . 
N 
-....) 
'-1 
Table 3. Nodulat ion o f  e ach o f  s even p lant species by four culture s o f  Rhi z ob ium i s o lates from 
native legume spe cies . 
Numb er o f  p lant species nodulated  by Rhizob ium 
is o lates per twenty p lant s  inocu lated . ( Cultures 
P lant species named according t o  plant species i s o lated from . ) 
As tragalus As t ragalus Glycyrhiz a  Pet alos t emon 
cras s icarpus #6TS f lexuos us # lMFD (b ) lepido t a  U lMFY purpureum # lMFY Total  
As tragalus cras s i carpus 17 / 20 9 / 20 9 / 2 0  0 / 2 0  35 / 80 ,'d' 
As t r agalus f lexuosus 6 / 2 0  15 / 20 16 / 2 0  16 / 20 5 3 / 80 * *  
As t r agalus cicer 1 8 / 2-o 19 / 2 0  17 / 2 0  2 0 / 2 0  7 4 / 80 
As tragalus racemosus 14 / 2 0  i / 20  5 / 2 0 1 8 / 2 0  44 / so �·d�  
Tr if o lium pr atense  0 / 2 0  2 0 / 2 0  2 0 / 20 10 / 2 0  5 0 / 80* -i' 
G lycine max 0 / 2 0  0 / 2 0  0 / 20 0 / 2.0 0 / 80 
Phas eo lus vulgar is 2 0 / 2 0  15 / 2 0  15 / 2 0  2 0 / 2 0  7 0 / 80 *  
**Highly s ignif icant at Q , 0 1 leve l .  
*S ignif icant a t  0 . 05 level . 
N 
00 
spe c i es inocula t ed with four Rhi z ob ium isolates wer e  as f o llows : 
29 . 405 4 As t ragalu s cras s icarpus 
15 . 8 2 1 1  As tragalus f lexuosus 
3 . 6 0 3 6  As t ragalus c i cer 
2 2 . 2 2 2 2  As t ragalus racemosus 
5 8 . 6 6 6 6  Tr i.foll.um pratense 
0 . 0 0 0 0  Glyc ine max 
11 . 4 2 8 6  Plias eolu s  vu lgaris 
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The value s  show high s ignificance , s ign if ican ce and no signif ic an ce . 
There was a s ignif i cant d i fference be tween nodulat ion o f  the dif ferent 
p lant species  by the f our isolates used excep t for the p lant species G .  
max and P .  vulgar i s . Th is was obvious be cause _Q. max was not nodulated 
by any o f  f our i s o lates o f  rhi z ob ia .  However , As t r agalu s c i cer was 
almost always nodulated by each isolate . There fore , the r e  was n o t  any 
s ignif i c an t  d i f fe rence be tween the four rhizob ium i s o lates f o r  this 
legume . 
Acc ording t o  these results i t  is prob able that J. K .  Wil s on ( 44) 
was correc t  in s t at ing that it is  impos s ib le to ass ign t he s e  p l ant 
spe cies to c ro s s  ino cu lat i on group s . It may b e  bes t t o  determine the 
ho s t  r ange of many is o lates from many legumes and then p e rhap s a hos t 
range pat t ern c an b e  f ound . However at the p resent i t  i s  m
uch t o o  
ear ly t o  come t o  any de fini te conclu sions regarding 
hos t  range f o r  the 
maj o rity of the rhi z ob ia from the leguminous specie
s of t he wor ld . 
Calcu lat i ons of  resu l t s  of acetylene reduc t i on and
 mic ro-Kj eldahl met hods 
' The ac t ivity o f  nitrogenase which redu
ces acetylene t o  e t hylene was 
estimated by a colormetric determination for ethylene . The data for 
acetylene r eduction were obtained by r ead ing the absorbance of the 
colored p rodu c t  as d escribed in the material and methods. T he absor-
ba nce w as then used to find the ml of ethylene p r oduced by r ead ing it 
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from the stand ard curve shown in Figure 4. The c alculations for moles 
of ethylene p er hour were done as follows : 
ml ethylene x 1 Mole ethylene = Unknown moles of ethylene/hour 
2 2 , 400 ml 
An example of nitrog enase activity determined as moles of e thylene/hour 
for Astr agalus cic_e. r is c al cula t ed as follows : 
0 . 009 ml ethy l ene x 1 Mole ethyl ene = 4xl0
_: 7 moles of e thylene/ hour 
2 2 , 400 ml 
The resu lts showed different rates of nitrog en fixation as exp r essed in 
moles of ethylene p rodu ced p er hour. Usually the l ar ger amount ·of 
nodular material h ad a greater rat e  of fixat ion w hich would be· exp ected . 
However in Table 4 with t he plant spec ies Astragalus c icer the nodular 
weight of the p lants that were nod ul ated by the four r hizobia wer e  about 
equal ,  but the moles/ C2H4 / hour was lower for the p lant that was inocu-
lated by cultur e no. 6TS from Astragalus crassicarpus. Although _ the 
nitr ogenase ac tivity was l ower the amount of nitrogen fixed as deter.:... 
mined by Kjeld ahl analysis was higher. Moles of ethylene / hour is used 
to exp r ess nitrogen fixation rates because there is uncer tainty i n  the 
c2H2 / N2 conversion factor with rat ios rep o
rted in the liter ature from 
3 to 2 2  moles of nitrogen p�r mole of acetylene .  Ther
e are a n.umber of 
uncer taint ies involved in using C zHz reduc tion r at�s 
to estimate nitro-
gen fixation. One uncertainty is r e lated to photosy
nthesis and suggests 
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Figure 4 .  S tan d a r d curve f c r e t hy l�ne . 
that n i t rogenas e act ivity may be reduced severa l  hou r s  af t e r  photo-
syn thes i s  s tops ( 30 ) . The purpose o f  the se exp e r iment s  was t o  show 
3 2  
d i f f erent rates o f  n i t rogen f ixation and to  see i f  they corre late with 
amounts o f  n i t r ogen f ixed as measured by the Kj e ldahl ana lysi s . Usually 
the ace tylene reduct ion as say gives a good indication o f  the nitrogenase 
activi ty . o f  t he intac t p lant . Although the as s ay is  a good indicator 
and usually c orrelates wi th the amount of nit rogen f ixed by the p lant 
there are s ome excep t i ons and the ref ore this as s ay c annot b e  used as a 
comp l etely re liab le t es t  f or n i trogen f ixat ion . Micro-Kj e ldahls were 
done to determine t otal nitrogen p er plant and to verify e f f ect ive 
nodulation . The amount of nitrogen per plant was de t ermined by u s ing 
the f o llowing formula : 
Ab sorbance unknown 
Ab sorbance standard 
= µ gN / 100 ml 
x Concen t rat ion of  
s tandard (µ gN )  
µ gN / 2  m l  used x Final Volume 
f or co lor ime t ry S amp le Volume 
The µ g /N for the unknown was det ermined from a s t andard curve (Figure 5 )  
a s  d e s cr ibed in the mat erials and methods . The amount d igest ed per 
plant was 0 . 0 2 grams of  the. p lant s ample so µ gN was expressed as µ gN/ 
0 . 0 2 g rams o f  p lant s amp le .  An examp le of  calcula t i on o f  t otal n itrogen 
per p lant us ing p lant species Tr if olium pratense nodulated by rhizob ium 
f r om G lycyrhiza lepid ota i s  as f ollows : 
· 0 .  2 3 x 20 µ gN = 1 7 . 0 p gN / 2 ml x 100 ml 
0 . 2 7 2 ml 
(Total p !ant we ight)  
340 µ gN /0 . 0 2 grams of  p l ant s amp le 
0 . 08 8  g r ams x 3 40 µ gN 
0 . 02 grams 
3 7 40 µ gN / 5  p lant or 3 . 7 4  mgN / 5  p lant 
f o r  1 p l ant 0 . 75 mgN 
w 
v 
z 
'-! 
� 
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Figure 5 .  S t and ard c u rve f or ug N . 
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The d a t a  show on Tables 4 , 5 ,  6 ,  7 ,  8, 9 that all nega t iv e  cont rol 
p lan t s  (no culture , no nit rogen) had le ss t o t al n i t rogen than the p o s i-
t ive cont rol p lant ( n i t r ogen add ed ) and the p lant s that wer e  inocula t ed 
w i t h  the f our rhizob ia cultures . The larger amount o f  n i trogen p er 
p lant o f  the plant s t hat were nodulated by the rhizob ia i s o lates veri-
f ies that n i t rogen fixa t ion has taken place . The varying amount of 
n i t rogen f ixed by the d i fferent rhizobium cultures ind icat e s  that s ome 
p lant s  are ab le to f ix mor e  nitrogen when nodulat ed by s ome specific 
rhi z ob ium s t rain than others . However , a greenhou s e  s tudy i s  not a · 
natural environment and perhaps in a dif f erent environment t he s ame 
s trains may not give the s ame amoun t of nit rogen f ixa t ion . Usually the 
larger p lant s  h ad a gr eat er amount of nitrogen per plant but not always . 
In Table 8 the p lant species Phaseolus vulgari s  nodula t ed by cult ure 
no . lMFD (b ) from As t r agalu s f lexuosus h ad the great e s t  dry weigh t , 0 . 98 
grams , but d id not h ave the greates t amoun t of n i trogen p er p lant , 
9 . 70 mg . Although p lant we ight is a good indicator o f  ni trogen f ixat ion 
i t  cannot be used as a sole ind icator of nitrogen f ixat ion and s ome 
method such as Kj e ld ahl analysis mus t  be used to measure the actual 
amount of  nit rogen f ixed . S ome recommendat ions whi ch can b e  d is cussed 
and ut ili z ed f or futu re s tudy are : 
1 .  More cu ltures should be i s olated and tes ted on legume sp ecies 
Unders t anding of the hos t  range of rhi zobium f or a greater 
from the n a t ive legumes . 
z . The purity o f  the seed us ed should be known an
d each c lone 
d t t d s ep ar. a te ly to see i f  of p lants should have i t s  see  es e 
T ab le 4 .  Mi cro-Kj e ldahl and ace ty lene reduct ion r e s u l t s  on the 
p lant s p e cies As tragalus cicer ino culated w i th f o ur 
Rhizob ium s pp . isolated from nat ive legumes . 
PLANT 
Astragalus cicer 
Micro-Kjeldahl Acetylene Reduct ion 
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Treatment Dry-weight mgN / p lant 
grams 
Nodule weigh t Mo les C2H4 /hour 
grams 
N + 0 . • Q 6 3  0 . 65 B 
0 + 0 . 05 3  0 . 18 B 
P et .  . 015  0 . 3 3  . 10 1  
Gly . . 0 12 0 . 3 7 . 10 2  
A .  c .  . 0 16 0 . 4 9 . 100 
A . f .  . 02 0  0 . 42 . 109  
N + 0--N i t rogen ad ded 6 . 9 3 mg as KN03 and no culture 
B--N o nodules 
0 + 0--No culture , no nitrogen added 
Pet . --Petalos temon purpureum no . 1.MFP 
G ly . --Glycyrhiza lepidota no . lMFY 
A . c . --As t r aga lus cras s i carpus no . 6TS 
A . f  . --As t ragalus flexuosus no . lMFD (b ) 
C2H 4--Ethylen e  
4xl0- 7 
4 . 6xlo- 7  
9 xlo- 8  
4 .  7xl0- 7  
Tab le 5 .  Mi cro-Kj eldahl and acetylene reduct ion results on the 
p lant species As t ragalus cras s i carpus inoc ulated wi th 
f ou r  Rh i z ob ium spp . i s o lated from native legumes . 
PLANT 
As traga lus cras si carpus 
Micro-Kj eldahl Acetylene Reduc t i on 
36  
Treatment Dry-weight mgN /plant 
grams 
Nodule weigh t  Moles CzH4 /hour 
grams 
N + 0 • 0 30 . 80 2  B 
0 + 0 . 00 7 . 12 8 B 
Pet . . 00 8  . 148 B 
Gly . . 0 12 . 3 7 4  . 01 2  
A .  c .  . 0 15 . 2 30 A 
A. f .  . 0 1 1  . 15 2  A 
N + 0--Ni t r ogen added 6 . 9 3 mg as KN0 3 and no culture 
B--No nodules 
0 + 0--No cult ure , no nitrogen ad ded 
Pet . --Pet alos t emon purpureum no . lMFP 
G ly . --Glycyrhi z a  lepidota no . lMFY 
A . c . --As t ragalus crass icarpus no . 6TS 
A . f . --As t ragalus f lexuosus no . lMFD (b ) 
CzH4--Ethylene 
A--Insuf f icient nodules 
Tab le 6 . Micro-Kj eldah l  and ace tylene reduction results on the 
p lant species As tragalus f lexuosus inoculated with 
f our Rhi zob ium spp . i s o�ated from nat ive legume s . 
PLANT 
As tragalus flexuosus 
Micro-Kj e ldahl Ace tylene Reduct ion 
37 
Treatment Dry-weight mgN /piant 
grams 
Nodule weight Mo les C2H4 /hour 
grams 
N + 0 . 0 16 0 . 4 1 B 
0 + 0 . 010 0 . 1 1 B 
Pet . . 009 0 . 2 6 A 
G ly .  . 00 9  0 . 40 A 
A .  c . . 0 08 0 . 18 . 0 11 
A. f .  . 00 9  0 . 1 9 . 006 
N + 0--Ni trogen added 6 . 9 3 mg as  KN03 and no culture 
B--No nodules 
0 + 0--No cul ture , no n itrogen 
Pet . --Petalo s temon purpur.eum no . lMFP 
G ly . --Glycyrhi z a  lepid o t a  no . lMFY 
A . c . --As tragalus cras s icarpus no . 6TS 
A . f . --As tragalus f lexuosus no . lMFD (b ) 
C zH4--E thy lene 
A-- Ins uff i cient nodules 
3 .  7x10- 7  
Tab le 7 .  Mi cro-Kj e ldah l  and acetylene reduc t ion results  on the 
p lant s pecies As t ragalus racemosus ino cu lated with four 
Rhi z ob ium spp . is olated from nat ive legumes . 
P LANT 
As t ragalu s  racemo sus 
Hi cr o-Kj e ldahl Ace tylene Reduc t ion 
3 8  
Treatmen t Dry-weight mgN /p lant 
grams 
Nodule weigh t  Moles C2H4 /hour 
grams 
N + 0 . 0 2 0  0 . 6 4 B 
0 + 0 . 01 7 0 . 2 4 B 
Pe t .  . 02 5  0 . 60 A 
G ly .  . 0 16 0 . 46 A 
A.  c .  . 0 1 3  0 . 4 8 A 
A .  f .  . 0 2 0  0 . 4 1 A 
N + 0--Nit r og en added 6 . 9 3  mg as KN03 and no cul ture 
B--No nodules 
0 + 0--No culture , no ni trogen added 
P e t . --P e t alos temon purpureum no . ll1FP 
G ly . --G lycyrh iz a  lepido t a  no . lMFY 
A. c . --As t ragalus cras s icarpus no . 6TS 
A . f . --As t raga lus f lexuosus no . lMFD (b)  
C zH4--Ethy lene 
A�- Insuf f icient nodules 
Tab le 8 .  Micro-Kj e ldah l  and acety lene reduct ion r es u l t s  on the 
p lant s p e cies Phas eolus vulgaris inoculated with four 
Rhi z ob ium spp . isolated from nat ive legumes . 
PLANT 
Phaseo lus vulgar i s  
Mi cro-Kj e ldah l  Ace tylene Reduct i on 
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Trea tment Dry-weight mgN /p lant 
grams 
Nodule wei gh t  Mo les c2H4 /hour 
grams 
N + 0 0 . 3 7 3 . 2 6  B 
0 + 0 0 .  7 2  0 . 9 0 B 
P e t . 0 . 6 2 5 . 3 8 • 319 
G ly .  0 . 6 4 4 . 50 A 
A .  c .  0 . 7 8  9 . 99 . 0 31 
A .  f .  0 . 9 8  9 . 7 0 . 0 18 
N + 0--Nitrogen added 1 7 . 32 mg as KN03 and no cult ure 
B--No nodules 
0 + 0--No culture , no nitrogen 
Pe t . --Pe t alos temon purpureum no . 1MFP 
Gly . --Glycyrh i z a  lepido t a  no . 1J.'1FY 
A . c . --As tragalus crass icarpus no . 6TS 
A . f . --As t ragalus f lexuosus no . lMFD (b ) 
c2n4--Ethylene 
A-- lnsuff i cient nodules 
1 .  2xl0- 6 
Tab le 9 .  Micro-Kj e ldahl and ace tylene reduct ion results on the 
p lant s pecies T r i f o lium pratense inoculated with f our 
Rh i z ob ium spp . i s olated from nat ive legumes . 
PLANT 
Tr i fol ium praten s e  
Mi cro-Kj eldahl Ace tylene Reduct ion 
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Treatment Dry-weight mgN / p lan t 
grams 
Nodule weigh t Moles C2H4 /hour 
grams · 
N + 0 . 0 3 8  0 . 6 7  B 
0 + 0 . 009 0 . 11 B 
Pet . . 0 2 2  0 . 40 . 0 80 
Gly .  . 0 1 7  0 . 7 5  . 16 3  
A . c .  . 01 1  0 . 14 B 
A .  f .  . 02 1  0 . 50 . 0 2 5  
N + 0--Nit rogen added 6 . 9 3 mg as KN03 and no cul ture 
B--No nodul es 
O + 0--No cul ture , no nit rogen added 
P e t . --Pet alo s t emon purpureum no . lMFP 
Gly . -'--Glycyrh i z a  lepidot a  no . lMFY 
A . c . --As t ragalus cras s icarpus no . 6TS 
A . f . --As t ragalus f lexuosus no . lMFD (b ) 
CzH4-- E thylene 
A-- Insuff  i c ient nodules 
4 . 5xlo- 7 
1 .  7 xio- 7  
4 1' 
any genet i c  deficiencies could cause great er or less er nodula­
t ing ab i li ty of  the rhizob ium i s o lates t e s ted . 
3 .  N a t ive l egume s should be p lanted in small p lo t s  f o r  seed col­
lect i on .  
4 .  Experimen t s  in the natural environment o f  the s e  p lant s  and 
rhi z ob i a  s hould be done t o  s ee if they are f ixing nitrogen 
in the ir nat ive hab itat . 
5 .  Rhi z ob ia from these native legumes should be grown in a mixed 
cultur e  with a known rhiz ob ium culture to s ee what e f fect  this 
may have on the nodulat ing ab i li ty of the nat ive i s o la te s . 
6 .  Serologi cal experiment s as well as Guanine : Cytos ine ratios 
shou ld b e  done on these is olates t o  see i f  i t  may he lp in 
clas s ify ing the Rh izob iaceae . 
7 . Dry small c olonies isolated from the nat ive legumes rather than 
typ ical mucoid large colonies should be used in greenhous e  
t e s t ing t o  determine t h e  ef fect iveness of  the s e  colonies on 
p lant species . 
8 .  Co lonies t hat concentrate the Congo red dye on s o l id med ium 7 9  
should a l s o  b e  tes ted t o  determine if they might a l s o  b e  rhizo-
b ium . 
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CONCLUS IONS 
Several c on c lu s ions can be drawn from the resu l t s of this s tudy . 
1 .  Mo s t  o f  the rhizob i a  isolated from the nat ive legumes o f  S outh 
Dakot a  have typ ical physiological and morpho logical charac ter­
i s t i c s  o f  the known rhi z ob ia . 
2 .  Rhi z ob i a  d o  not usually u t ilize citrat e but  mo s t  o f  the cul­
tures i solated ut ili zad c itrate as the s o le s ource of c arb on . 
3 .  Cultures i s olated from f our legume species native t o  S outh · 
Dakot a  we re proven t o  be rhizob ia . The cultures were f r om 
As tragalus crass icarpus , As tragalus f lexuosus , P e t alos temon 
purpurelllil and G lycyrhi z a  lepido t a . Al l f our i s olates nodu­
lat ed their hos t p lan t . 
4 . The four rhi zob ium cu ltures fr om the nat ive legumes did not 
nodula t e  the p lan t species Glyc ine max . Cult ure no . 6TS i solated 
f rom As t ragalus c ras sicarpus d id no t nodulate Trif  olium pra­
t ense .  Culture n o . lMFP from Pe talos temen pupur eum d id not 
nodulate the p lant .  species As traga lus cras si c arpus . The re­
maining two isolates nodulated the s ix other legumes sp ecies . 
5 .  Kj e ld ahl ana lysis p roved that nodulat i on o f  the nat ive legumes 
b y  the i s o la tes was e f f e c t ive nodulat ion . A gain in. ni trogen 
amount was s een over the negat ive control  p lants (no nit rogen) 
in all c as e s . 
6 . Ace t ylene reduc t ion us ing the colorimetric d e t erminat ion t o  
e s t imat e  n i t rogenase act ivity is read i ly adap t ab le t o  f ield use 
and i s  a good indica tor of nitrogen f ixa t ion . I t  should be 
4 3  
u sed wi t h  caution when determining the amount o f  nit rogen f ixed 
b ecaus e of t he uncertain ty the c2H2 /N2 convers ion f actor . 
7 .  The greenhouse me thod us ing glazed cro cks and s and proved t o  b e  
a suitab le me thod f o r  c onf irming nodul at i on o f  t h e  n at ive 
legumes by the rhi z ob ium isolates . 
8 .  S ome o f  the colonies of rhi z ob ium ob s erved f r om the nat ive 
legume s  concentrated Congo red dye int o  the co lonies when grown 
on s olid med ium 7 9  with the dye . 
9 .  The b ac t erial is o lates from the native legume s were fast  grow­
ers and produce heavy growth on s ol id medium 7 9  wi thin 7 2  
h our s . 
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